Theory suggests the financial decisions of durable goods makers can impose externalities on their consumers. Namely, the consumption stream that durable goods provide frequently depends on services provided by the manufacturer itself (e.g., warranties, spare parts availability, maintenance and upgrades). Bankruptcy of a manufacturer, or even the possibility thereof, threatens this service provision and as a result can substantially reduce the value of its products to their current owners. We test whether this hypothesis holds in one of the largest durable goods markets, automobiles. We use data on prices of millions of used cars sold at wholesale auctions around the U.S. during 2006-8. We find that an increase in an auto manufacturer's financial distress (as measured by an increase in its CDS spread) does result in a contemporaneous drop in the prices of its cars at auction, controlling for a host of other influences on price. The estimated effects are statistically and economically significant. Furthermore, cars with longer expected service lives (lower mileage or better condition cars) see larger price declines than those with shorter remaining lives. These patterns do not seem to be driven solely by reduced demand from auto dealers affiliated with the troubled manufacturers.
Introduction
Firms' financial decisions have potential externalities on consumers of durable goods. The consumption stream that durable goods provide frequently depends on the product warranties, the availability of spare parts, maintenance and upgrades. For example, a car owner relies on warranties to cover malfunctions early in the car's life, on car parts to be available when the car breaks down, and on the presence of a dealer who can service the car.
As is the case in the car industry, the provision of these and similar services is frequently vertically integrated into the manufacturer.
1 If a car manufacturer were to go bankrupt, they may not honor the warranties and provide parts and services in the future, reducing the consumption of the durable goods owner. In fact, the mere expectation of probable bankruptcy may reduce the expected value of durable goods to a forward-looking consumer. Therefore, as firms experience financial distress they impose potentially large externalities on those who own their goods.
Even though these externalities are potentially important and large, we have little empirical evidence on the relationship between firms' financial distress and the value of durable goods.
Since durable goods represent a significant fraction of household wealth, it is important to understand this relationship. Automobiles, the subject of our study, account for about 5 percent of consumption in the US. Vehicles are the nonfinancial asset most commonly held by households and represented roughly 3 percent of US household wealth in 2007 (Bucks et al. (2009) ). Any variation in the value of these assets can expose households to wealth and consumption shocks.
1 Provision of car warranties is generally vertically integrated into the manufacturer, who bundles the warranty with the car. Vertical integration may be natural in this case; it solves the asymmetric information problem present because car manufacturers are best informed about likely future claims on the cars they make. Furthermore, it effectively makes manufacturers the residual claimants on the effort expended toward increasing car durability.
Understanding how firms' financial distress affects owners of durable goods is also critical to understanding firms' financial decisions. Forward-looking consumers understand that financial distress decreases the probability that future warranties will be honored, and service of their car will be available, reducing demand for the cars. Because of these indirect costs of financial distress, firms may curb the amount of debt used in financing despite the large tax advantages of debt financing.
2
While the literature since Titman (1984) frequently appeals to indirect costs of financial distress to explain why firms use little debt, there is little direct evidence of such indirect costs in general or in durable goods demand in particular (Hotchkiss at al 2008) . Studying these effects on demand for goods is empirically challenging because demand shocks affect firms' cash flows, thereby affecting financial distress. For example, suppose we observe a correlation between a durable goods manufacturer's financial condition and the prices of its products. Such a correlation could be caused by shifts in consumers' demands for the firm's products because of financial distress. But the same correlation can be caused by demand shocks: if demand for the firm's products falls for some other reason, this will decrease the manufacturer's profits and weaken its financial position. This generic problem has plagued the literature on the effects of financial distress and indirect costs of bankruptcy, whether these indirect cost are from the consumer, supplier, or employee side.
3
Our study, besides focusing on an inherently interesting set of products and firms, can avoid many of these identification issues. We study the impact of financial distress on the prices of used cars in car auctions conducted by a major car auction house in the United States from January 1 st 2006 to November 14, 2008 . We compare shifts in the prices of a manufacturer's cars to a measure of that manufacturer's likelihood of bankruptcy. As we discuss below, we believe our data is rich enough to provide sources of identification of the links between cars' values and their manufacturers' financial distress that are unlikely to be driven by reverse causation, where price drops lead to distress rather than vice versa.
A first glance at the data suggests that there may in fact be a link between increases in a manufacturer's financial distress and the value of its used cars. The two panels of Figure 1 compare relative bankruptcy risks and wholesale prices of two manufacturers that experienced considerable financial distress during our sample: Ford and GM. The top panel shows two time series for Ford Motors, both constructed from our data. The dashed line is the price residual of all Ford used cars sold at auction. 4 The solid line shows a measure of Ford's financial distress; a larger value implies more distress. (We will describe in detail below how we measure financial distress.) In order to take out common movements across manufacturers in these series over time, the plotted series are actually the difference between Ford and Honda's respective values.
(We chose Honda for no special reason other than it was a reasonably financially stable company throughout the sample.) As is apparent in the figure, These results are only expository-indeed, our core specifications below don't even use the aggregate, lower-frequency movements shown in the figure to identify the links between distress and used car values-but they serve to motivate the possibility that such links exist.
Looking for such effects in used car auctions holds several advantages over new car markets.
Wholesale car markets are very liquid; prices can rapidly adjust to changes in the economic environment. Their participants are knowledgeable about the product and the final demand environment. Their decentralized nature makes them less exposed to strategic pricing.
Additionally, one might expect revisions in consumers' beliefs about the quality of a firm's products are more likely to be reflected in the prices of its new products, not its previously produced ones. Simply put, people already know more about the quality of a particular model of a used car than a new version, since the former already has an observable track record.
Therefore, any correlation between an automaker's financial distress and the prices of its used cars is more likely to come from the causal effect of distress on prices rather than the opposite direction. Moreover, if the firm's used cars are substitutes for its new ones, then downward revisions in consumers' view of the firm's new cars could actually lead to increases in the relative prices of its used cars. This effect cuts against the mechanism we are testing for, and therefore suggests any results we find might even understate the true impact of distress on prices.
To measure firms' financial distress levels, we use credit default swaps (CDS) spreads.
These are securities whose payoff is conditional on the firm defaulting on its debt, so their price reflects the expected probability that a firm enters bankruptcy. Because they are much more liquid than the bonds of the respective companies, they provide the most current measure of companies' financial distress.
Besides focusing on used rather than new car prices, we use several sources of variation in the data to address the identification issues plaguing efforts to measure the effect of financial distress on product demand. Our core specification estimates the car price-CDS spread relationship using variation within detailed model-by-region-by-week categories. That said, we observe the negative correlation between a manufacturer's CDS spread and its used car prices at lower frequencies as well.
Our basic specification indicates that a 1000-point increase in a manufacturer's CDS spread (a large change, but some firms experience even larger ones in the data) drops the average price of its used cars by $68, or about 0.5 percent.
A further testable prediction of our particular setting is that financial distress should not affect all cars to the same degree. Cars with longer expected remaining service lives should expectedly see a greater price drop when a manufacturer risks bankruptcy, as their flow of lost services would be greater. Further, if car owners worry that their warranties will not be honored upon bankruptcy, then the value of these warranties (capitalized into the price of the car) will fluctuate with manufacturers' financial distress. These effects in combination will imply that value of cars with lower mileage should be more affected by financial distress. Further, the prediction about the interaction of the price effect with a car's expected service also implies cars in better mechanical condition will see a greater price decline due to financial distress. In fact, if one of the bundled services that auto manufacturers provide is the availability of spare parts, the highest mileage and worst condition cars could potentially even experience relative price gains when bankruptcy becomes more likely, as these cars are the most likely substitute suppliers of those parts.
We find these patterns in the data. The interaction between a car's mileage and its manufacturer's CDS spread is broadly negative, measured in several ways. Further, there is some evidence of a particular drop in value around the mileage (or age, as applicable) where the car's factory warranty expires. Some price effects are seen at higher mileage levels, suggesting consumers also worry about other bundled services like availability of replacement parts and dealership networks were the firm to go bankrupt. We also find that cars in better condition (as rated by the auction house before sale) see greater value hits. As cars' conditions worsen, the price drop is smaller. In fact, cars in the worst condition-those explicitly rated as salvage value only, and thus essentially usable only for parts-actually see slight price increases when financial distress rises. This pattern is also matched among the highest-mileage cars.
Related Literature
Our paper touches on the previous literature in two distinct ways. First, it directly contributes to the literature on firm capital structure and the indirect cost of financial distress.
Since Titman (1984) , indirect cost have been used to rationalize the reluctance of firms to used debt financing despite large tax benefits of debt. In their classic paper, Andrade and Kaplan (1998) study thirty one leverage transactions to try to identify the impact of financial distress on firm value. They estimate financial distress cost to be from 10 to 20 percent of firm value. Our paper is closest to Chevalier (1995a Chevalier ( , 1995b and Chevalier and Scharfstein (1996) . They also use transaction level data to study the interaction between financial distress and market outcomes. Their focus is the relationship between supermarkets' financial structures and the pricing decisions in the industry, and in particular the strategic effects of financial distress on entry and markups.
Second, the paper delves into the nature of durable goods markets. Most of the literature on these markets has focused on the interaction between the market for new and used goods, trying to understand the competition a monopolist faces from used goods she sold in the past. 5 Our paper instead highlights the fact that much of the consumption stream from durable goods depends on future commitments from the manufacturer and other providers of complementary services. To understand the behavior of durable goods suppliers and consumers, we have to understand the complex structure of services that accompany the consumption of durable goods.
The paper is structured as follows. In Section 2 we describe the market for used cars and how it is organized though wholesale auctions. We then describe the data we are using and provide descriptive statistics. In Section 3 we discuss our empirical specification. Section 4 presents and discusses our estimates. Section 5 concludes.
Institutional Background and Data
Each year, consumers in the United States buy close to 40 million used vehicles, three times the number of new cars sold. In 2008, for example, there were 36.5 million used vehicle sales (~$292 billion in revenues) and 13.2 million new vehicle sales (~$351 billion in revenues).
While a small fraction of the used vehicles are traded via private party transactions, the lion's 5 See Coase (1972) , Bulow (1982) , and Stokey (1981) for early work on the Coase conjecture.
share of the used car sales is transacted via the dealer networks. Of the 80,000 auto dealerships in the U.S., nearly 60,000 sell only used cars, while the remaining dealers trade both new and old cars.
These dealers acquire the bulk of their used car inventory via weekly used car auctions conducted at various locations. The auctions are typically wholesale buyers only-they exclude the end consumer. Our wholesale auction data comes from a large multinational auctioneer. The firm is the world's largest provider of vehicle remarketing services and is one of the largest wholesale automobile auctioneers in the US, operating eighty-three geographically dispersed auction sites.
We use data on over 6 million successfully completed transactions from January 1, 2006 through November 14, 2008. The total value of these sales was about $89 billion (with an average transaction price of $13,000 per car). The auctioneer runs one or two auction sessions per week 6 Only licensed buyers and sellers who register with the auctioneer can participate in the auction.
at each site, each lasting approximately five hours. Our auctioneer's sites are quite large (see Figure 2a ). Table 3 lists select sites and their respective traded volumes. They vary in size from twelve to ninety-eight lanes as well as in their volume of successful transactions.
On average about 3000 cars sell at each auction location in a given day. Buyers can inspect the car the parking lot prior to the auction session. Each car is provided with a car condition report issued by the auctioneer. This and other vehicle details are prominently displayed in the windshield of each vehicle. Professional auctioneers lead the bidding process, often in the presence of the seller representative (see Figure 2b ). When bidding ends, the auctioneer consults the seller's representative or some previously communicated reservation price to determine whether the winning bid is accepted or rejected. Sold or not, the car is then wheeled out and a new vehicle is wheeled in. The entire process takes about thirty seconds per car. Sometimes cars that aren't sold are wheeled back in later in the day. Others are re-auctioned on a future date or even transferred to another site. We observe in the data how many times a car was wheeled in at any auction location before it is sold, as well as sequence in which it was wheeled in (run number).
For buyers and sellers who cannot travel to the physical auction site, the firm also uses a proprietary web-based technology that enables both sides of the market to participate in the live physical auctions via real-time audio and video ( Figure 2c ). Physical auction lanes are equipped with video cameras that allow online users to view the vehicle as it gets wheeled in, observe the physical bidding activity and place their bids via the web. Online users' bids are displayed on the screen located in the physical lane. Large seller consignors like manufacturers and financial institutions can also chose to sell their vehicles via an "upstream" channel that is operated and managed by our market maker. This service gives sellers the ability to remarket their inventory earlier in the remarketing cycle than physical auction lanes. Buyers save on time and travel expenses with desktop access to "Bid or Buy Now" from the largest nationwide selection of wholesale inventory available. Any unsold cars are moved to the physical auction site and sold through the original process.
In our data we know if the winning bid was placed by an online bidder or in-lane bidder or if the car were purchased in the upstream channel. As you can see from Table 3 (Table 3) .
Sixty-seven percent of the completed transactions are fleet/lease sales, twenty-eight percent factory owned sales, and five percent are dealer-to-dealer sales (Table 3) . Each automobile is identified by manufacturer issued unique vehicle information number (VIN). For each VIN we collected information on a large set of vehicle characteristics including car make (Ford, Toyota, Honda, etc.), model (Taurus, Explorer, Altima, etc.), body style (SUV V6, Midsize 4dr V6, 1500
Pickup V12, etc.), and model year. Our data also include the odometer mileage reading and quality condition of each vehicle as certified by the market maker. See Table 2 for details on the quality rating scale.
We obtain the daily credit default swap spreads (CDS) time-series Thompson Financial
DataStream for all publicly traded automobile manufacturers during the corresponding time period as our auctions data. Figure 2 plots the CDS time series for four manufacturers: General Motors, Ford, Honda and Toyota. The prices are in basis points; which can be interpreted under risk neutrality as default probability: e.g. a CDS of 1000 basis points corresponds to 10% default probability.
We then match the CDS series with the manufacturer identities and time-series of the transactions in the auction database. 7 The matching of CDS data and transactions yields a matched database containing 6,188,759 auto sales. Table 4 contains the descriptive statistics of select variables for our final matched data. The data reflect significant variation in price (mean = $13,062, median = $12,300, and s.d. = $7560) and CDS (mean = 643.1 and s.d. = 856.1). The cars vary by mileage, age, and quality condition-from relatively pristine to useful only for salvage. Table 5 describes the price and CDS variation by quality condition (with 0 being salvage ready and 5 being very good), while Table 6 contain descriptive statistics by mileage tiers. 8 As expected, transacted prices fall with quality and age. However, we should note there exists significant variation in the cross-conditions of these two variables (i.e. there is significant mileage variation within quality tiers, and quality variation within mileage tiers).
Empirical Specification
Our core specification to measure the effect of financial distress on used cars' values is the following:
where i indexes manufacturer; j indexes car model, trim, and model year (we will refer to any unique combination of i and j as a "car type"); k indexes auction location (which in most specifications will be one of eight regions in the US), l indexes the specific auction at which the car is sold, t indexes day, and T indexes week. Our dependent variable is p ijklt , though we will also use below a normalized price that divides the transacted price by the average sales price of the car type throughout the entire sample. CDS it is the manufacturer credit default swap spread in period t, and β is the coefficient of interest-the estimate of the effect of manufacturer CDS on the price of used cars. The vector X ijklt contains other controls describing the car and auction characteristics. a ijkT is a car type-region-week fixed effect.
The car-type-region-week fixed effects control for a great number of potentially confounding influences on car prices that might be spuriously correlated with CDS spreads or reflect the impact of reverse causation. This includes fundamental heterogeneity across car types, regionspecific demand and supply shocks for particular vehicles or types of vehicles, and aggregate movements over time. Hence the specification estimates the relationship between car prices and CDS changes only from changes in the auction prices of a given (detailed) type of car within a given region and week.
Intuitively, the regression compares within region-week price differences in cars of manufacturers undergoing financial distress (reflected as an increase in their CDS it ) with contemporaneous price changes of cars sold in the same region that are made by more financially stable firms. (Of course, stability per se is not necessary for identification of β; all that is required is differential changes in spreads across manufacturers.) The regression estimate of β simply correlates the differential changes in models' auction prices with the differential changes in the respective manufacturers' CDS spreads, controlling for any fixed or variable effects on prices as captured in a ijkT or X ijklt .
Our choice to limit our identifying CDS price variation to within-week movements may in some ways be overly restrictive, especially if the effects of changes in financial distress take some time to diffuse into wholesale markets. However, restricting ourselves to high-frequency variation in CDS spreads and prices increases the likelihood that we capture the causal impact we seek to measure. It eliminates the possibility that lower-frequency shifts in consumers' views toward a particular manufacturer that both reduce the manufacturer's used car prices and raise its likelihood of bankruptcy are driving our results.
We conduct several additional tests for distress-driven price effects. Each involves specifications that interact the CDS effect with measures that plausibly reflect the extent to which an owner could expect future flows of bundled services. That is, they have the following cano ica o n l f rm:
where Z ijklt is a car-specific measure of the expected future flows of services. If increased financial distress decreases the expected availability of these services, financial distress should have a larger effect on cars with greater remaining service lives. If service life is positively correlated with Z ijklt , then this would imply δ < 0.
We use multiple measures for Z ijklt . One is a set of indicators for 20 equal-sized mileage quantiles. This allows us to flexibly capture the differential impact of financial distress across cars of various mileage levels. Two focus on the provision of warranty services in particular (we have gathered data on the coverage period of the cars' original factory warranties). One is an indicator for cars under warranty. This is equal to one if a car meets both its warranty's mileage and age requirements at the time of the auction (e.g., it has under 36,000 miles and is less than 3 years old) and zero otherwise. Specifications estimated using this indicator reflect the average difference in CDS effects on prices for cars that are in and out of warranty. Another warranty variable measures the fraction of the original warranty remains on the car. This is computed as the minimum of two ratios: the difference between the warranty mileage limit and the car's current mileage, divided by the mileage limit; and the difference between the warranty age limit and the car's current age, divided by the age limit. Each of the ratios is defined to be zero if the car's current mileage (age) is greater than the warranty limit. This specification imposes an effect of financial distress on prices that linearly changes as a car gets closer to the expiration of its warranty. Still another measure of Z ijklt that we use is a set of indicators for the auction house's condition rating for cars (these are described in Table 2 ). Low values for the rating indicate cars in poorer conditions, and as such those with shorter expected service lives than other cars of the same make, model, trim level, and model year.
Because our CDS measures do not vary across cars made by the same manufacturer and may also be serially correlated, we cluster all standard errors reported below by manufacturer-month.
This allows an arbitrary error correlation structure across cars made by the same manufacturer as well as intertemporally within months.
Results

Baseline Specification
The patterns seen in Figure 1 suggest that there are negative correlations between manufacturers' CDS spreads and the values of their used cars. However, to try to eliminate as many confounding factors as possible, we will focus below on our more saturated specification that looks at differences within car type-region-week cells.
The results from the first specification of this type are shown in Table 7 , column 1. Not surprisingly, given the extent of our included controls, our model does very well explaining the substantial variation in car prices in our sample. The adjusted R 2 is 0.986. The coefficient on manufacturer CDS is -0.068, with a standard error of 0.021. The coefficient implies that a 1000 basis point increase in CDS spread leads to a drop in a car's value of $68. That is roughly a 0.5 percent drop in value off the average $13,062 price of a used car in our sample.
Note that besides the fixed effects, the specification controls for a number of other possibly confounding factors in the data. We include a set of dummies for mileage bins to flexibly capture the effect of mileage on prices. Not surprisingly, average prices decline in mileage. In fact, prices monotonically decrease as one moves from low to high mileage bins. We include dummies for the auction format the car was sold under (this does vary within a day at specific auction locations) and the number of times the car was wheeled through the auction lane, which could be a function of demand or supply factors affecting car price.
One potential worry with our results is that car owners adjust the supply of cars in these auctions when they are affected by the same shocks as the manufacturer. For instance, perhaps rental car companies that have close ties with a particular manufacturer suffer financial shocks that are correlated with those of the manufacturer and are forced to respond by liquidating inventory. This would induce a negative correlation between CDS spreads and prices arising not simply from the manufacturer's financial distress but from supply effects as well. We control for supply effects using two different measures. The first supply control is the number of cars of the same model, trim, and model year being sold on that day in the particular auction location. The second measures how many cars of same model, trim, and model year had been sold up to this point in the sample at the same location.
The specification in Table 7 column 1 uses the car's auction price as a dependent variable.
This imposes that the effect of CDS movements has the same absolute size across all cars. Yet it's possible that the absolute effect could be related to the price level of the car rather than independent of it. To account for this possibility, we also run the same specification using as the dependent variable the car's auction price normalized by the average price of its car type (make, model, trim, and model year) throughout the entire sample. In this case, the coefficient on CDS can be interpreted as the size of the effect of financial distress in proportion to the average price level of a car's type.
The results from this specification are shown in Table 7 column 2. Here, the coefficient on manufacturer CDS is -6.07 x 10 -6 (s.e. = 1.30 x 10 -6 ). This implies that for each 1000 basis point increase in CDS spreads, a car's price falls by roughly 0.6 percent. This is essentially the same as the implied percentage change in price from the previous specification using dollar-valued prices. Thus our estimated effects are apparently consistent across price measurements.
Interactions with Expected Service Lives
An additional prediction of the financial distress/bundled services link is that the impact of financial distress should vary across cars with different services lives. For example, cars with lower mileage have warranties, and within cars with warranties, have more coverage remaining.
They also have longer expected service lives even outside of warranty, so the value of bundled services that their manufacturer provides is also greater. These factors suggest that owners of cars with lower mileage should be more exposed to the fluctuations in manufacturers'' financial distress the manufacturer. We test for heterogeneous effects in cars' mileage by estimating a specification that interacts our categorical mileage dummies with the manufacturer's CDS spread.
As discussed in the previous section, we test for these effects in several ways. One is to include a set of dummies for each one of twenty mileage quantiles. The quantile boundaries are selected to equate the number of cars in each category (ties result in slight differences across categories in practice). Table 7 , column 3 shows the results of this exercise. We also present the implied relationship between the effect of CDS and car mileage graphically in Figure 4 . We can see that,
with the exception of the first mileage bin (the excluded category and thus reflect in the main CDS coefficient), the estimated total effects of the interactions are significantly negative for the lowest 14 mileage bins. This corresponds to cars with no more than 50,035 miles. The point estimates initially become more negative (i.e., larger in magnitude) as mileage increases, but after reaching an interacted effect of -0.154 in the 8 th bin (this implies a $154 dollar drop in price for a 1000-point rise in CDS spreads; the bin has an average mileage of 25,766 miles), they begin to become more positive. They continue to rise throughout the rest of the mileage bins, and actually become significantly positive by the 17 th bin and remain so after.
These results are echoed when we use normalized prices instead of price levels, as seen in Table 7 , column 4. There are negative and significant impacts of CDS on cars in the first 15 mileage bins (applying a test for the base effect plus interaction coefficients, the 2 nd and 3 rd bins are only significant at the 10 percent level). The largest price impact is seen for the 9 th bin, as in the price levels specification, after which the interaction becomes more positive. Also in line with the results above, the maximum estimated impact is a 1 percent price drop per 1000 point CDS increase; the $154 effect in the levels specification is about 1. We estimate three further checks on our heterogeneous-effect findings across cars' remaining service lives. Two look especially at the role of warranties. In one, we define an indicator variable denoting if a car is still under original factory warranty. To be defined as such, it must meet both the mileage and age requirements of the warranty. We then test whether the price effects of CDS increases are in fact larger in magnitude (i.e., more negative) for cars under warranty than those out of warranty. In the second warranty check, we compute the fraction of the warranty remaining for a car. (The minimum fraction between the mileage and age limits is used; cars out of warranty receive a value of zero.) We interact this variable with CDS to see if cars with different degrees of remaining warranties see different price effects. The third specification interacts CDS with a measure of the car's physical quality. As mentioned above, the auction house grades cars' conditions on a six-point scale, ranging from 0 (useful for salvage only) to 5 (no or minor defects). This specification tests whether financial distress has different impacts across cars of varying quality by interacting our CDS spread measures with both the car's condition score and its mileage band.
The results using the dichotomous in-warranty indicator are in Table 8 Column 1. The main effect of CDS, and therefore the average impact for cars that are out of warranty, has a coefficient of -0.006 (s.e. = 0.025). Thus the specification implies a negative but insignificant impact on these cars' prices. The interaction, however, has a negative and significant coefficient.
The full implied effect of CDS has a coefficient of -0.062 (s.e. = 0.020). This is roughly the size of the main effect estimated above. This is consistent with the threat of the loss of warranty coverage being an important driver of the CDS price effect.
The second warranty specification, which interacts a measure of the fraction of the factory warranty that remains on the car with the CDS spread, is in Table 8 column 2. The estimated coefficient on the CDS main effect again represents the average impact for cars that are out of warranty and is a statistically insignificant -0.01. The coefficient on the interaction of CDS and the fraction of warranty remaining, however, is -0.129, and is significant at the 10 percent level.
The fully interacted effect of CDS is -0.139 (s.e.=0.05), and this is significant at the 1 percent level. This result implies that a car with its full factory warranty remaining (i.e., its fraction is one) would see a price hit of $139 per 1000 point CDS change, and this then linearly declines until the warranty expires at an insignificant $10 per 1000 point change. This result therefore has the intuitive property that the effect of CDS on prices falls the shorter is the remaining period over which the warranty applies and during which the car will be operational.
The results of the exercise with the condition rating interaction are in Table 8 , Column 3.
The main CDS effect, which corresponds to the impact on cars in condition category 0 (salvage only) is actually positive and significant. This is consistent with these cars, as a store of Each of these alternative specifications is consistent with the notion that the negative impact of a manufacturer's financial distress is larger for those cars with longer expected remaining service lives, and therefore a greater future need for bundled services. Further, there seems to be a special role for warranty coverage in explaining these effects.
Robustness Checks
We conduct tests to probe the robustness of our results. To see if, despite all of our controls, our results reflect a spurious correlation between a manufacturer's CDS spread and its used car prices, we conduct a "placebo"-type test. That is, we run our basic specification after having randomly reassigned manufacturers' CDS series among one another. In particular, Ford and GM, which experienced CDS growth in 2008 far beyond that of other companies, are assigned the CDS series of Mitsubishi and Toyota. Of course, two more stable manufacturers, Hyundai and Mitsubishi, had, respectively, Ford and GM's CDS values reassigned to them. This placebo specification therefore compares the auction prices of a manufacturer's cars to the CDS prices of another manufacturer. Since reassignment should expectedly destroy any causal link, the coefficient on CDS in this specification should be informative.
The result of this exercise (using the same set of controls as in Table 7 column 1) are shown in Table 9 . The coefficient on CDS is positive and insignificant. Hence it appears that the CDSprice correlations we observed above were tied to within-manufacturer relationships of product values and financial distress.
Our next robustness check investigates whether dealers' (i.e., auto retailers) financial distress, not the preferences of final demanders for bundled services, actually drives the relationship between used car prices and manufacturers' CDS spreads. Namely, if dealers become more concerned about their own business prospects when the manufacturer with whom they are affiliated experiences financial distress, this may reduce their demand for used autos.
Moreover, since dealers disproportionately purchase used cars of the same makes that their affiliated manufacturer producers, this could lead to a decline in the prices of that manufacturer's used cars. While one might imagine this is another way a manufacturer's financial decisions can have external effects, it is not the consumer-driven bundled-services channel that is of interest to us here.
To see whether this dealer based-mechanism is driving our results, we take advantage of the fact that our data contains the full name of the winner of every auction. These are nearly always car dealerships, as perusal of the names makes clear. Since dealerships that are affiliated with manufacturers (i.e., those that sell new cars, not just used ones) almost invariantly have the name of the make(s) that they sell new in their name, we can tell when, say, a Ford (or Mercury, Lincoln, or Mazda-all makes that Ford owns partially or outright) dealer buys a used car. If the dealer-based mechanism just described is driving our results, we should expect that Fordaffiliated dealers are less likely to buy Ford cars when Ford's CDS rises. We test whether or not this is true for dealers affiliated with the two companies that experienced, by some distance, the greatest amount of financial distress during our sample: Ford and GM. We do so by estimating a similar specification to our benchmark regression above, with a few exceptions. First, most obviously, the dependent variable is now an indicator equal to one if a Ford dealer (GM dealer, in the GM regression) buys the car. Second, we restrict the sample to only cars with a Ford (GM) make. We keep the saturated fixed effect structure from before.
Therefore we are testing whether Ford-affiliated (GM-affiliated) dealers are less likely to buy a used car with a Ford (GM) make when Ford's (GM's) CDSs are high, controlling for the average probability across all sales of a particular car type in a region-week. If the dealer-based mechanism is important, we should find a negative and significant coefficient on CDS in this linear probability model.
The results of this estimation are in Table 9 , Columns 2 and 3. First off, the coefficient in the GM equation is positive and significant: GM dealers are, if anything, more likely to buy GM make used cars when GM's CDS rises. Any such effect is pretty small, however. The coefficient implies a 1000-point increase in CDS raises the probability that a GM dealer wins an auction for a GM car by 1.55 percentage points. In the entire sample, 31.6 percent of GM cars are won by a GM-affiliated dealer (most of the rest are won by used-car specialists, though it is not uncommon for new car dealers to purchase across makes when buying used). Thus even a large CDS change doesn't move the probability of purchase far from the baseline. The coefficient in the Ford equation is negative, which is more consistent with a dealer-based mechanism being at work. However, the estimate is marginally statistically significant and is again small in magnitude. A 1000-point increase in Ford's CDS reduces the probability that a does not seem to be a clear driver of our results above, particularly in light of the GM results.
Conclusions
We have shown that durable goods manufacturers' financial decisions can impose externalities on their consumers. Firms' financial decisions therefore can impact real outcomes, in this case the consumption of durable goods, and are not neutral in the spirit of the ModiglianiMiller theorem (1958) . The proposed channel through which financial distress of manufacturers imposes externalities is that default can threaten the stream of complementary services (e.g., warranties, spare parts availability, maintenance and upgrades) that the manufacturer provides.
As a result, shifts in financial health can impact the value of the manufacturer's products to their current owners.
We find evidence that this does in fact hold true for auto manufacturers. Furthermore, cars with longer expected service lives (lower mileage or better condition cars) see larger price declines than those with shorter remaining lives. This is consistent with manufacturers' provision of bundled services being an important component of the value of a durable good. There seems to be in particular an important role of warranties in this regard.
Additionally, there is some evidence that parts availability might also move prices. Highmileage and low-quality cars actually see price increases when their manufacturer experiences financial distress, and these vehicles might actually be net suppliers of parts rather than net demanders.
We show that these results are robust across a number of specifications with various measurement strategies. They also do not appear to reflect the reduced demand from dealers affiliated with manufacturers experiencing financial distress, but rather the impact on final consumers of the potential loss of a flow of bundled services.
This drop in car demand from financial distress also implies potentially large cost of indirect cost of financial distress for car manufacturers. We hope that our results will motivate future research into the effect of financial distress on new car sales, which has been the topic of much discussion recently given the policy environment, and was explicitly the motivation behind the U.S. Treasury's Warranty Commitment Program. The dependent variable is the transacted price of the used cars in the sample. Manuf. CDS refers to the credit-default swap (CDS) spread (in basis points) of the manufacturers of the used cars. "Car in warranty?" is an indicator variable denoting if a car is still under original factory warranty. This is also interacted with the manufacturer CDS. "Fraction of remaining warranty" is calculated as the minimum fraction between the mileage and age limits; cars out of warranty receive a value of zero. We also use the car condition indicators (0-6) defined in Table 2 .
Other controls not reported in the table include dummies for the auction format the car was sold under, the number of times the car was wheeled through the auction lane, and the number of cars of the same model, trim and model year being sold on the same day in the particular auction location. All regressions also include car type-region-week fixed effects. Reported standard errors are clustered on car manufacturers×month, and are reported in parentheses (*** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level.) The dependent variable in the column (1) is the transacted price of the used cars in the sample. "Placebo" Manuf. CDS refers to not the actual manufacturer CDS, but the CDS of an unrelated manufacturer. In columns (2) and (3), the dependent variable is an indicator for whether the buyer is a GM or a Ford dealer, respectively. These regressions use the CDS of the car's manufacturer. Other controls not reported in the table are as in Table 7 , and include dummies for the auction format the car was sold under, the number of times the car was wheeled through the auction lane, and the number of cars of the same model, trim and model year being sold on the same day in the particular auction location. All regressions also include car type-region-week fixed effects. Reported standard errors are clustered on car manufacturers×month, and are reported in parentheses (*** denotes significance at the 1% level, ** at the 5% level, and * at the 10% level.) 
Figure 1
The panels compare the relative average used car prices and CDS series for Ford (top) and GM (bottom). Each series shows the difference between the appropriate Ford (GM) series and the corresponding series for Honda. The price series are constructed by taking the residual from a regression of cars' auction prices on detailed car type fixed effects, sets of dummies for mileage quantiles, auction location fixed effects, and week-of-year fixed effects. These residuals are averaged by week for every manufacturer, and the difference between Ford's (GM's) and Honda's price series is shown, after smoothing using a 12-week moving average, in the figure. The CDS series are computed by taking the car-weighted average CDS value for each manufacturer and subtracting Honda's series from Ford's (GM's). The log of this difference is shown in the figure to make visualization easier. 
